APOE polymorphism has received extensive attention as a risk factor for Parkinson's disease (PD), but findings have been equivocal. Analysis of APOE variants in an Australian PD case-control sample revealed a robust association between genotype and Age-at-onset (AAO) of PD in women (P = 0.0008). These data not only further implicate APOE in PD, but also provide a stark example of the effects that gender may play in complex disorders.
INTRODUCTION
Genetic association of APOE with AD is one of the few widely recognized examples of common polymorphism contributing to a common illness (1) . The possibility of a genetic mechanism underlying neurodegeneration in AD has led to the investigation of APOE in numerous diseases, among which Parkinson's disease has been one of the most studied. In contrast to AD however, data on APOE in PD have been controversial suggesting that a genetic effect, if present, is much weaker than for AD. Previous studies have suggested that α-synuclein accumulation can be significantly enhanced by the presence of amyloid precursor protein and Aβ (2) . Thus factors, including APOE genotype, that influence the deposition of these molecules in the brain may also alter risk for PD pathology (3) .
Recently, sib-pair analysis concluded that the E4 allele was probably responsible for the previously reported chromosome 19 linkage peak for PD (4) . However, a meta-analysis which included 22 eligible case-control studies investigating APOE and PD revealed no evidence for an association between the E4 allele and PD (5) . Interestingly however, a modest positive association between the E2 allele and PD was revealed (5) . In the largest single study performed to date, Li et al, (6) , using family based methodologies, reported that the E4 allele increased the risk of PD but intriguingly was also associated with a decreased AAO of PD. Inherent problems in case-control association studies such as population stratification, inappropriate control subjects and underpowered studies may underlie many of the findings for APOE and PD and contribute to the contradictory reports regarding the E4 allele as a PD risk factor. With these limitations in mind we studied the common APOE gene variant in a relatively large sample of Australian PD patients and controls of European descent. We have considered both PD risk and AAO in genetic models, and have also performed stratified analyses of men and women.
METHODS

Subjects.
The details of our Australian case-control cohort have been published previously (7) (8) (9) . PD cases (n=422, 239 males, 183 females, average age=66.95+9.80 Data pertaining to ethnic background, family history of PD (first-degree relatives with PD) and AAO of PD symptoms were obtained from study subjects via face-to-face interviews using a structured questionnaire. AAO was defined as self-reported age at which the patient initially noticed the appearance of a salient parkinsonian symptom. All subjects were of European Caucasian ancestry.
Genotyping. APOE genotyping was performed using a previously described method including primer sequences (4). All samples were genotyped in duplicate.
Statistical Analysis. Genotype and allele frequency comparisons were made using 2x2 contingency tables, Fishers exact and Pearson's chi-squared tests, logistic regression analyses, Kaplan-Meier survival plots, ANOVA, FishersPLSD and Hardy-Weinberg equilibrium tests. All probability tests were 2 sided with a level of significance of 0.05.
RESULTS
With regards to our case-control sample, there was a significant over-representation of males in the PD group and controls subjects were younger than cases (Table 1) .
Potential effects of APOE variants on PD risk were explored using two models. In model 1 we tested possible differences in genotype distributions between cases and controls for E2/E2, E2/E3, E2/E4, E3/E3, E3/E4, and E4/E4 classes (Table 1) . In model 2 we compressed genotype groups to two classes consisting of E4 carriers and non-carriers (Table 1) . Neither analysis resulted in significant findings. We also performed a stratified analysis of E4-carriers and non-carriers in men and women separately. There was no evidence of association in either group (χ 2 = 1.6, P = 0.21 for men and χ 2 = 0.65, P = 0.42 for women, respectively).
The distribution of AAO in the PD sample was normal. Average AAO were statistically equivalent for all genotypes in the entire PD set (Table 2 ). However, the E4 carrier/noncarrier analysis (model 2), identified marginal evidence that E4 carriers had a lower mean AAO (Table 2) . Chi-square analysis of all cases stratified on median AAO (60 years)
revealed that E4 carriers were marginally over-represented in the early onset group (OR=1.50, 95% CI =0.97-2.33); this was more marked in females (OR=2.40, 95% CI =1.19-4.82).
We used a second order factorial ANOVA to address a possible interaction with sex, focusing on the e4 carrier model (model 2). The sex x genotype interaction term was significant in this analysis (F1,414 = 5.4, P = 0.02). In separate gender analyses, the effect of E4 carrier status was found to be significant in the female group (P = 0.0025),
but not in males (P = 0.91). We also noted a significant effect of genotype on AAO in females (F 4,177 = 2.8; P = 0.027) ( Table 2) . Post hoc tests (Fishers PLSD) were significant between E2/E3 and E3/E4 classes (P = 0.036) and between E3/E3 and E3/E4
classes (P = 0.0027). We observed significant main effects upon AAO of the rs7412 variant (ie the Arg176Cys) in females (F 2,178 = 5.6; P = 0.0043), but not in males (F 2,232 = 0.18; P = 0.83).
We used Kaplan-Meier analysis to estimate survival functions, and performed tests with both censored control samples (censored for age-at-exam) and excluding controls. In the female sample, results for models 1 and 2 were highly significant (χ 2 = 13.7, df = 4; P = 0.0083) and (χ 2 = 11.3, df = 1; P = 0.0008), respectively ( Figure 1 ). Similar AAO trends were observed for female cases with and without a family history of PD. Exclusion of E2/E4 genotypes from the analysis did not substantially alter the overall result; here female carriers continued to have and earlier AAO (p=0.006). E2 carriers did not differ to non-carriers in AAO overall or in gender-stratified analyses.
One of the possible caveats associated with an analysis of APOE upon AAO for any disease is that genotypes have been shown to change with age (thus suggesting longevity effects). We used logistic regression to test for the possible dependence of APOE genotype upon age in the entire control sample. This was not significant (P = 0.14), but did indicate that population frequencies of the E4 allele may be diminishing with age. We note that this model is the equivalent inverse of an ANOVA modeling the dependence of age (provided that age is normally distributed) upon genotype (F 1,385 = 2.1; P = 0.14) and that the E4 carrier group had a lower mean age (62.94±10.54yrs vs 64.7±10.93yrs).
DISCUSSION
In PD, genetic variation in APOE has been reported to influence both disease risk and AAO however findings have been conflicting. Zareparsi et al, (10) reported a significantly earlier AAO of PD in patients with the combined E3/E4 and E4/E4 genotypes compared to the E3/E3 genotype. Maraganore et al, (11) reported that the E2/E3 genotype was associated with a younger AAO in PD. In male subjects we also observed an earlier AAO for E2/E3 genotypes, but this difference was not statistically significant. The data from a large scale meta-analysis by Huang et al, (5) revealed that the E2/E4 genotype was strongly associated with sporadic PD. Interestingly, we also observed a non-significant over-representation of E2/E4 genotypes amongst females with PD (adjusted OR=1.35). The largest independent study to date, performed by Li et al. (6) , indicated association of APOE with both disease risk and with AAO. In the present study, we largely corroborate those latter findings regarding AAO, but with the added dimension that here effects are only evident in women.
It is possible that our AAO result is merely a chance finding. However, it has been well documented that gender plays an important role in differentiating risk for PD. Moreover, previous studies suggest that gender is an important modifier of the APOE-E4 effect on neurodegenerative pathologies and Alzheimer's phenotype (12, 13) . PD has a complex etiology involving interactions between genetic and environmental factors. One might speculate that the E4 effect is manifest more strongly in female PD patients whose risk may be less influenced by environmental determinants. We have previously speculated that factors that increase β-amyloid and amyloid precursor protein could have effects in PD through their interactions with the α-synuclein protein (3).This effect would be more prominent in the absence of other more direct promoters of α-synuclein aggregation.
Our broad interpretation of these findings is that possession of the E4 allele lowers ageat-onset for PD, as it does for AD (12) . Indeed, the E4-effect in AD is also more prominent in females and it may well be that APOE-E4 for a more general risk factor for neurodegeneration per se. Limitations in power, both for this study, and all previous studies restricts any firm indication as to the effects of various diplotype configurations of E2, E3, and E4 alleles. Power also limits further insight into whether effects are exclusive to women, or present in both genders at different levels, with the effect in males beyond the limit of detection. Finally, while we emphasize a possible gender component to the involvement of APOE in PD, further studies will be needed in increasingly larger samples to examine this and other possible interactions. We encourage the authors of previous studies on APOE and PD to revisit their published data to explore for an effect modification by gender. 
